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such features suggest that the model waveform h is not a good match to the non-
Gaussian feature in the data, and the detection ranking statistic is down-weighted
accordingly.

For example, the consistency test described in [63, 103] constructs a chi-
squared test statistic by dividing the matched filter into n frequency bands as
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where (a | b)i is the same as the inner product in Eq. (8) but with the integrand
restricted to the frequency interval fi�1 < f < fi with f0 = 0 and fn = 1. Here
the bands are chosen so that (p | p)i = (q | q)i = 1/n. If the residual d � h is
Gaussian noise, �2 is chi-squared distributed with ⌫ = 2n� 2 degrees of freedom;
values of �2

� ⌫ are indicative of residual non-Gaussian features in the data after
the model has been subtracted. A re-weighted ranking statistic proposed in [19]
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down-weights the SNR for large values of �2. A similar time-domain based signal
consistency test is described in [20] and is incorporated into a likelihood ranking
statistic.

(iii) For all detections published to date we have required that gravitational-wave
signals be identified via matched filtering in at least two independent detectors
with consistent parameters. For example, the arrival times of the gravitational
waves at each detector must di↵er by no more than the the maximum time-of-flight
between the detectors, e.g. 10ms for the Hanford-Livingston pair, with an extra
5ms added in order to account for uncertainty in the inferred coalescence time
at each detector. However, having now established the existence and frequency
of gravitational-wave signals, it may now also be possible to make detections
when only one detector is operating, and thus this time coincidence test is not
available [105].

The matched-filter based searches employed by the LVC construct ranking statistics
from the SNR and the waveform consistency test statistics [3]. In addition an
astrophysical signal received in several detectors will have a common set of parameters
µ (within limits imposed by limited SNR) in all detectors, and, furthermore, the
amplitude, phase, and time-of-arrival of the signals observed in each detector will be
determined by the direction of propagation of the wave (i.e., from where on the sky the
signal originates) and the polarization state of the signal. Since gravitational waves
have two polarizations (in general relativity), referred to as the plus-polarization h+

and the cross-polarization h⇥, the strain on detector I is determined by the detector’s
antenna response patterns F+,I and F⇥,I by

hI(✓) = F+,I(↵, �, , t)h+(t� ⌧I , D, ◆,µ) + F⇥,I(↵, �, , t)h⇥(t� ⌧I , D, ◆,µ) (24)

where ↵ and � are the right ascension and declination of the source of the gravitational
waves, D is the distance to the source of the waves, ◆ is the inclination of the orbital
plane of the binary system (which, for circular orbits and leading order quadrupole


